ABSTRACT Polychlorinated biphenyl (PCBs) congeners were measured in (unwashed) whole-body field (deer) mice (Pero-myscus
Introduction
Polychlorinated biphenyls (PCBs) represent one of the most persistent and toxic groups of contaminants in the environment because of their stable properties and ubiquitous distribution [1] . They were manufactured in the United States between 1930 and 1976 [2] and were developed predominantly for use as coolants and lubricants because of their general chemical inertness and heat stability in electrical equipment such as capacitors and transformers [3] . Also, they have been used in oil in mo-tors and hydraulic systems, flame retardants, inks, adhesives, carbonless copy paper, paints, wood-floor finishes, pesticide extenders, plasticizers, polyolefin catalyst carriers, slide-mounting mediums for microscopes, surface coatings, wire insulators, and metal coatings. Aroclor was the trade name for technical mixtures of PCBs manufactured in the United States. Nine Aroclor mixtures were produced with the bulk being Aroclor-1016 (13%), -1242 (52%), -1248 (7%), -1254 (16%), and -1260 (11%); each contains a specific mixture of 209 congeners. A congener is a specific PCB compound with a certain number of chlorine atoms in certain positions around a biphenyl ring [4] . With respect to their behavior in the environment, PCBs are hydrophobic, accumulate in sediment, lipophilic, and bioaccumulate and biomagnify along food chains [1, 5, 6] .
Field mice are effective biomonitors of environmental contamination because of their ubiquitous distribution, relative abundance, ease of collection, feeding habits, association with the soil (e.g., burrowing), and limited home range (0.036 to 0.61 hectares) (0.089 to 1.5 acres) [7] [8] [9] [10] [11] . The degree of radionuclide [8, [12] [13] [14] , heavy metal [10, [15] [16] [17] , high explosive [18] , dioxin/furan [19, 20] , and PCB [10, [20] [21] [22] [23] [24] [25] concentrations in field mice has been evaluated around various waste sites. With respect to PCBs, studies have shown that the amounts of PCBs differ between small mammal species varying in foraging strategies [10, 23] and high levels of PCBs were reported to cause population alterations (e.g., abundance and species composition) [24] [25] [26] [27] [28] [29] . Impaired growth and development, survivorship, and abnormalities in liver tissues have been shown to occur in laboratory mice when exposed to 10 -100 mg/kg of PCBs in the diet [26, 30] and a reduction in field mice populations as a result of decreased reproductive capabilities and changes in liver, spleen and adrenal functions were observed in (whole body) field mice containing an average of 2.5 mg/kg wet of PCBs [22] .
Los Alamos National Laboratory (LANL), a multidisciplinary research institution established in 1943, is situated on a large mesa with many deep, mostly ephemeral, west-to-east-oriented drainage canyons (Figure 1) . During the early years of LANL operations (mostly nuclear weapons work), some of these canyon drainage systems received various amounts of radioactive and chemical waste effluents from outfalls [31, 32] . Of the major drainages that cross LANL lands, the Los Alamos Canyon (LAC) drainage system has been identified as containing some of the highest amounts of radionuclides and metals [33, 34] . LAC also contains PCBs; total PCBs in 2004-2005, for example, were reported to be as high as 100 mg/kg on the hillsides of upper LAC and approximately 0.50 and 0.20 mg/kg in suspended sediments within the watercourse collected further downgradient at mid-and lower reaches of LAC, respectively [35] . Aroclor 1254 (20%) and -1260 (80%) mixtures were mostly detected [36, 37] . Moreover, LAC has the highest potential of transporting these chemicals via storm water and snow melt to the Rio Grande which is approximately 8.8 km (5.5 mi) away from the northeast boundary of LANL [38] . The Rio Grande is the main drainage in New Mexico and traverses approximately 1207 river kilometers from its headwater in the San Juan Mountains in southwestern Colorado, southward through the entire State of New Mexico, to El Paso, Texas [39] . Mercury and PCBs are the two main contaminants found in fish in the Rio Grande in northern New Mexico; the major source(s) are upstream relative to LANL [40, 41] .
In May of 2000, a prescribed burn at Bandelier National Monument, New Mexico, USA, went out of control and burned nearly 20,000 hectares (50,000 acres) in a south to northeast direction on primarily Federal and Native American Pueblo lands (the Cerro Grande Fire), including approximately 3038 hectares (7500 acres) on LANL property. Eleven years later in June of 2011 another large wildfire (the Las Conchas Fire) burned nearly 65,000 hectares (161,000 acres), including portions of areas recovering from the Cerro Grande Fire. The lack of vegetative cover in the wake of the first fire (Cerro Grande Fire) created concerns regarding increased sediment transport from LANL to offsite locations. As a preventive measure, a gabion rock-filled, low-head weir was constructed in late 2000 across the channel in LAC near the northeastern boundary of LANL to reduce the transport of sediments to the Rio Grande (Figure 2 ) [42] . The retention basin encompasses over 0.41 hectares (1 acre) in area and blocks over one-half of the sediment load from reaching the Rio Grande [35] ; it was excavated of sediments prior to the rainy season in 2009, 2011, and 2013.
The objective of this study was to determine PCB (congener) concentrations in whole-body field mice upgradient and downgradient of the LAC sediment retention structure over time. The downgradient site is approximately 8 km (5 mi) below the retention structure and receives flow from LAC, Pueblo Canyon, and a few other tributaries not related to LANL property. Pueblo Canyon joins LAC approximately 1.0 km (0.62 mi) downgradient of the weir and also contains legacy (and Los Alamos town site) waste including PCBs but in much lower concentrations [36, 37] . Results of radionuclides and metals in field mice collected from behind the retention structure have been previously reported [43, 44] .
Methods and Materials
As part of the Environmental Surveillance Program at Collections adhered to strict hantavirus protocols [45, 46] and field mice collected using the Sherman live traps were euthanized using an isoflourine chemical. A cotton ball containing isoflourine was placed inside a small plastic vial with holes; the vial was then placed inside a Ziplock bag containing the mouse sample.
Three mice per year were collected for the analysis of 209 possible PCB congeners; each (unwashed) wholebody (pelt plus carcass) sample was placed into a labeled 250-mL amber glass jar and analyzed by SW-846 EPA . In general, the order of total PCBs in these samples were: arroyo > grassland > garden.
Results and Discussion
Mean concentrations of Aroclor-1254 and -1260 detected in surface sediment samples collected from behind the sediment retention basin from 2003 through 2013 are shown in Table 1 . In general, mean concentrations of Aroclor-1260 were detected in higher concentrations than Aroclor-1254 with the highest amount peaking in 2007; after that, concentrations of both PCB formulations gradually decrease to nondetectable amounts in the latter years. The highest combined total amount detected in sediments behind the LAC weir (230 µg/kg in 2006) is two orders of magnitude below the amounts shown in Table 1 field mice diets under laboratory conditions to negatively affect growth and development, survivorship, and abnormalities in liver tissues in mice (10,000 -100,000 µg/kg) [26, 30] ; and below the ecological (soil) screening level of 20,000 µg/kg for the deer mouse for Aroclor-1260 [48] . The ecological screening level is the total concentration of Aroclor-1260 in the soil that is not expected to produce any adverse effects on (omnivore) field mice that come into contact with the soil or ingest biota that live in or on the soil (i.e., it is the concentration that is protective of the receptor under chronic exposure conditions). Total PCB concentrations in whole-body field mice collected from behind the LAC sediment retention structure from 2007 through 2012 were significantly higher (p < 0.05) than field mice collected from background locations ( Table 2) ; however, the levels generally decreased over time (Figure 3) , and by 2013, the concentrations of PCBs in field mice collected from behind the LAC weir were statistically similar (p > 0.05) to background. The increase in total PCBs in field mice from 2007 to 2008 may be a result of some influx of contamination-laden sediments from flooding events that occurred the prior year; the levels subsequently decreased the following year probably because of the removal of sediments in 2009 prior to sampling. Field mice collected in 2009, 8 km below the LAC sediment retention structure, were generally lower (statistically different at p < 0.10) in total PCBs than field mice collected from behind the LAC weir but still significantly higher (p < 0.05) than background. By 2013, however, the concentrations of total PCBs in field mice collected 8 km below the LAC weir were statistically similar (p > 0.05) to background.
Although the PCB levels in field mice collected upgradient of the LAC weir in most years were statistically higher than background, the concentrations were considerably lower than other studies of PCB contamination in small mammals at waste and control sites [10, [21] [22] [23] [24] [25] . More importantly, most amounts are not high enough to indicate extensive bioaccumulation in these short-lived animals [21] and the highest average amount detected (8.6 × 10 4 pg/g wet) was two orders of magnitude below the average whole-body amount (2.5 × 10 6 pg/g wet) that may result in negative attributes to field mice populations [22] .
The decrease in total PCB concentrations in wholebody field mice (and sediment) collected from behind the LAC sediment retention basin over time may be related to one or more of the sediment-control practices employed by LANL. These practices include the removal of source materials, rerouting storm water away from areas of known contamination, sediment traps, check dams, mulching, and vegetative plantings [49] . As mentioned earlier, sediments on three occasions (2009, 2011 and 2013) were excavated and removed from the weir basin prior to sampling. Moreover, the impediment of at least one-half of the sediment load by the LAC sediment retention basin itself [35] may have been partly responsible for the even lower amounts of PCBs in field mice 8 km downgradient of the LAC weir in 2009 and 2013 as compared to upgradient amounts. Natural fluvial processes over time, including the adsorption of contaminants to sediment/organic materials, subsequent flooding and the redistribution and mixing of (non-contaminated) sediments from other sources, and distance from the source may also have played a role in the lower PCB levels in field mice [36, 37] . By 2013, PCB levels in field mice collected from both up-and down-gradient sites were statistically similar to background. Based on the seven PCB congeners known as the ICES 7 that are recommended for routine environmental monitoring (No. 28, 52, 101, 118, 138, 153 and 180) [50, 51] , the congeners in rank order in (unwashed) whole-body [23] . Summed PCB homologs for each year were compared to known Aroclor-1254 and -1260 homolog patterns [4] in an attempt to gain information about the dominant PCB absorbed and stored by the field mice at the two study sites. Plots of the measured homolog concentrations (as percentage of the total) compared to Aroclor-1254 and -1260 formulations are shown in Figure 4 (behind the weir) and Figure 5 (8 km below the weir) . Accumulation of the PCBs by field mice at both sites appears to be dominated more by Aroclor-1260 than by Aroclor-1254. The distribution of PCB congeners in Aroclor mixtures can be altered considerably by biological processes; however, this effect is greater in animals of higher trophic levels than in animals of lower trophic levels. For animals of a lower trophic status (e.g., omnivore field mice), the composition of PCB congeners remains very similar to the original Aroclor pattern [52] .
Conclusion
The concentrations of PCBs (mostly Aroclor-1260) in whole-body field mice upgradient of a sediment retention structure in LAC are generally low and are not expected to negatively impact field mice population attributes. Various engineering controls employed by LANL upgra- dient of the LAC weir, at least during this period of study, may have been responsible for the decreasing amounts of PCBs detected in field mice over time. Moreover, the lower amounts of PCBs in field mice further downgradient as compared to upgradient concentrations may be attributed, at least in part, to the reduction of sediment loads by the LAC sediment retention structure. Subsequent flooding events that redistribute and mix various sources of sediment over time and distance from the source may have also have played a role.
